APPLN. FILING xJATE: jUNE h, AJUi 

Title: Efficient Scatternet Forming 

Inventor (s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 1 of 38 




FIG. 2 

PICONET 2 




Appln. Filing Date: June 8, 2UtL 
Title: Efficient Scatternet Forming 
inventor(s): per johansson et al. 
Application Serial No: 09/876,087 



Sheet 2 of 38 



s 
i 



UJ 



O 
O 
CO 
CO 
UJ 

o 

CJ> 



CO 



^2 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 3 of 38 



BT1 BT2 





r 




INQUIRY 


► 


NEIGHBOR , 
DISCOVERY^ 






INQUIRY RESPONSE 






L 


~4 


PAGE 


► 








RESPOND 




§? connection! 
1 establishment 




^ 


REPLY (FHS) 


► 






REPLY (DAC) 




SBKiSl 







FIG. 5 



PARITY BITS 



LAP 



UNDEFINED 



SR 



SP 



UAP 



NAP 



CLASS OF 
DEVICE 



AM_ 
ADDR 



CLK 



PAGE SCAN 
MODE 



FIG. 6 



APPLN. FILING DATE: JUNE8,2UU1 

Title: Efficient Scatternet forming 
Inventor(s): Per Johansson et al. 

APPLICATION SERIAL NO: 09/876,087 SHEET 4 of 38 



MCS (PICONET 1-3) 
PICONET 1 _A TS2 (PICONET 5, S2-D2) 



PICONET 5 




TS1 (PIC0NET4, S1-D1) 



PICONET 4 
Mx=MASTER OF PICONET x 

®BT UNIT, MASTER 

OBT UNIT, SLAVE 

0BT UNIT, MASTER IN ONE 
PICONET, SLAVE IN ONE 



(Z)BT UNIT, SLAVE IN 
TWO PICONETS 

©BT UNIT, MASTER IN ONE 
PICONET, SLAVE IN TWO 

©BT UNIT, SLAVE IN 
THREE PICONETS 



FIG. 7 



APPLN. FILING t>ATE: -UNiid, 

Title: Efficient Scatternet Forming 
Inventor(s): Per Johansson et al. 

APPLICATION SERIAL NO: 09/876,087 SHEET 5 of 38 



SLAVE RECORD 1: 

■TRAFFIC LOAD ON SLAVE 
-AVAILABLE CAPACITY 

- # OF PICONETS SLAVE IS A MEMBER 

- SLAVE MASTER IN ANOTHER PICONET 



PICONET INFO DATABASE 



FIG. 8 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 6 of 38 



903 



MASTER NODES DETECTED? 



YES 



NO 



PAGE MASTER NODE WITH 
HIGHEST NUMBER OF SLAVES 



REQUESTTO BECOME SLAVE OF 
PAGED MASTER NODE 



906 



909 



912 

REQUEST GRANTED? 




915 



JOIN PICONET 



921 



PAGE MASTER NODE WITH NEXT 
HIGHEST NUMBER OF SLAVE NODES 



® 



FIG. 9A 



APPLN. FILING DATE: JUNE 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s) : Per Johansson et al . 

Application Serial No: 09/876,087 Sheet 7 of 38 



® 




PAGE SLAVE WITH HIGHEST ID 
AND REQUEST ID OF ITS MASTER 



PAGE SLAVE'S MASTER AND 
REQUEST TO BECOME SLAVE 



IS PICONET 
FULL OR MASTER NODE NOT 
RESPOND? 



HAVE ALL 
DETECTED SLAVE NODES 
BEEN PAGED? 



■© 



927 



930 



NO 



936 



JOIN PICONET 



YES 



PAGE NEXT SLAVE AND REQUEST 
ID OF MASTER 



942 



FIG. 9B 



APPLN. FILING DATE: JUNE 8, 2001 

Title: Efficient Scatternet Forming 

Inventor (s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 8 of 38 




FIG. 9C 



^LxUS. ^ xLING jJATE: JUNE 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson etal. 

Application Serial No: 09/876,087 Sheet 9 of 38 




APPLN. FILING aJATE: „UNii 6, 

Title: Efficient Scatternet forming 

INVENTOR(S): PER JOHANSSON ET AL. 

APPLICATION SERIAL NO: 09/876,087 SHEET 10 of 38 




END 

1141 



PAGE AND CONNECT 
WITH MASTER NODE 
\ 



GET ADDRESS OF 
DETECTABLE SLAVES I/- 1 1 47 
OFTHE PAGED w 
MASTER NODE 

I 



PAGE ONE OR MORE 
OF SLAVES 



1150 

V 




PAGE AND CONNECT WITH 
SLAVE IN PICONET WITH 
HIGHEST NUMBER OF 
CONNECTED NODES 



1157 





1129 



PAGE AND CONNECT WITH 
SLAVE IN PICONET WITH 
HIGHEST NUMBER OF 
CONNECTED NODES 
WHICH HAS NOTBEEN 
PREVIOUSLY PAGED 



FIG. 11 



Appln. Filing Date: June 8, 2001 
Title: Efficient Scatternet Forming 
Inventor(s): Per Johansson et al. 

APPLICATION SERIAL NO: 09/876,087 SHEET 11 of 38 



1210 


■< 


; 


f 


REPORT IDs OF DETECTED NODES WITHIN 




REACH INCLUDING IDs OF NODES WITHIN 




REACH OF OWN PIC0NET 






PERFORM MASTER 
SLAVE SWITCH 



FIG. 12 



APPLN. FILING DATE: JUNE 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s) : Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 12 of 38 



USEIS PAIHTOINFOi DESTINATION Lr 1303 
NODE TO INITIATE PAGE SCAN 




1318 



ESTABLISH TS 

PATH AND 
MOVE TRAFFIC 
TOTHATPATH 



SEARCH FOR DESTINATION NODE 
IN TRAFFIC SCATTERNET(S) 




. 1330 
YES / 



CALCULATETS METRIC 




SEND PACKET WITH LISTOF INTERMEDIATE NODE 
CANDIDATES FROM DESTINATION NODE ON MCS 
PATH TO SOURCE NODE AND EACH MASTER NODE OF 
THE PASSED MCS PICKETS ADDS A LIST OF 
CANDIDATE NODES TO PACKET 



1339 



SOURCE NODE PAGES FIRST NODE IN THElJ 
LIST CLOSEST TO THE DESTINATION NODE 




1 



THE RESPONDING NODE ^ 
REPEATS STEPS 1303-1333 V 
WITH THE RESPONDING NODE 
ACTING ASASOURCE NODE 



1342 




1354 



TEAR DOWN 
TRAFFIC 
SCATTERNET 
LINKS AND USE 
MCS PATH ALSO 
FOR USER DATA 
TRAFFIC 



THE NEW SOURCE NODE (Le M THE 
RESPONDING NODE) PAGES THE 
FIRST NODE IN THE LIST CLOSEST 
TO THE DESTINATION NODE 



PAGE NEXT NODE IN LIST CLOSEST TO 
DESTINATION NODE. FALL NODES IN THE 
UST HAVE BEEN PAGED GO TO NEXT LIST 




1369 



TEAR DOWN 
TRAFFIC 
SCATTERNET 
LINKS 



1372 



USE MCS PATH 
ALSO FOR 
USER DATA 



FIG. 13 



Art* LIS. JAILING DATE: JUNE 8, 2001 

Title: Efficient Scatternet Forming 

inventor(s): per johansson et al. 

Application Serial No: 09/876,087 Sheet 13 of 38 



SELECT 
CANDIDATE 
NODE 


r 1405 




/-1420 




SELECT NEW 
CANDIDATE 
NODE 








-* 1 


1 


M 

f 






DISQUALIFY 
NODE 



r 



1415 



ADD CANDIDATE 
PROPERTY VALUES 
TOGETHER 



r 



1425 





1440 



MULTIPLY 
RATING BY 1 



1445 



1455 
Z 



CHOOSE THE 
CANDIDATE 
NODE WITH THE 
HIGHEST RATING 
VALUE TO BE 
INCORPORATED 
INTO THE TS 



ADD CANDIDATE 
NODE TO LIST 



1460 


r 


PROCEED WITH 
TS ESTABLISHMENT 



MULTIPLY 
RATING BY 0 



r 



1435 



FIG. 14 



Appln. Filing Date: June 8,2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 14 of 38 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor (s) : Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 15 of 38 




PLACE CANDIDATE NODE ID AND 
TS RATING VALUE INTS 
CANDIDATE MESSAGE 


^-1650 




-4 










FORWARD TS CANDIDATE 
MESSAGE INCLUDING BD ADDR 
OF START NODE AND END NODE 
ALONG MCS ROUTE 


^-1660 



FIG. 16 



Appln. Filing Date: June 8, 2001 
Title: Efficient Scatternet Forming 
Inventor(s) : Per Johansson et al. 

APPLICATION SERIAL NO: 09/876,087 SHEET 16 of 38 



FIRST INTERMEDIATE 

NODE RECEIVES 
CANDIDATE MESSAGE 



1703 



1706 

IS " 
FIRST 
ERMEDiATE NODE A 
SLAVE NODE?. 

[NO 
. 1712 

IS 

THERE A BEST 
CANDIDATE NODE IN 



JES , 


FORWARD CANDIDATE 




MESSAGETO NEXT NODE 


S N0 







s 



1709 



DID\ 1715 
' RECEIVED TS" 

CANDIDATE MESSAGE WES 
.CONTAIN IDOFACANDIDATE. 
NODE 
1 



INCLUDE ID AND RATING 
VALUE OF SELECTED 

CANDIDATE NODE IN TS 
CANDIDATE MESSAGE 



1737 

CAN~ 
SELECTED 
CANDIDATE NODE REACH 
START NODE 
?^ 

1749 

A 



COMPARE RATING VALUE 
OF SELECTED CANDIDATE 
NODE WITH RATING VALUE 
OF CANDIDATE NODE IN 
TS MESSAGE 



, . 1721 

CAN " 

vYESX CANDIDATE 
NODE REACH END 
NODE 

[no 

B 




CAN 
SELECTED 
CANDIDATE NODEREACT 
CANDIDATE NODE IN TS 
MESSAGE 



1746 

jL 



ADD ID AND RATING 
VALUE IN TS MESSAGE 
AFTER PREVIOUS NODE 



REPLACE ID AND RATING 
VALUE OF CANDIDATE 
NODE IN TS MESSAGE 



CAN 
SELECTED 
CANDIDATE NODE REACH 
END NODE 
? 

[YES 

kj FIG. 17A 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 17 of 38 





co 



OS 
IE O 



O ^ LU "< 



CO LU U 



OxQ, 



— <c 



I O LJJ 



Q co : 



F£o:x: 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 18 of 38 



JS NODE A SLAVE NODE?^ 

1805 ^XNO" 
IS THERE A 
CANDIDATE NODE IN THE 
PICONET? 
1815 ^T"YES 



JES 


FORWARD TS MESSAGE TO 




NEXT NOD 


: IN ROUTE 


NO 




1865- 



•1810 



FORWARD TS CANDIDATE 
MESSAGE TO NEXT HOP IN 
MCS ROUTE 



SELECTBEST CANDIDATE NODE 



•1820 



SELECT EARLIEST CANDIDATE NODE OR START 
NODE THAT BEST CANDIDATE NODE CAN REACH 



1825 



1870 



IS THE 

EARLIEST REACHABLE NODE THE" 
LAST NODE IN THE TS CANDIDATE 
MESSAGE? 

to 



1830 



YES 



1835 



APPEND BEST CANDIDATE 
NODEATTHEENDOFTHE 
TS CANDIDATE MESSAGE 



IFASLAVE NODE WAS 
INCLUDED AS A CANDIDATE 
NODE ORAS A SECONDARY 
NODE, INFORM THE SLAVE 
NODE THATIT WAS 
INCLUDED AS SUCH 



ITERATE TO NEXT NODE IN ROUTE FOLLOWING 
THE EARLIEST NODE OR START NODE 



COMPARE BEST CANDIDATE NODE WITH 

NEXT NODE IN ROUTE 
~P 



1874 



ITERATE TO NEXT 
NODE IN ROUTE 




SELECTFOUNDNODEAS 
SECONDARYNODEAND 
INCLUDE THE SECONDARY 
NODE ALONG WITH THE 
CANDIDATE NODE IN THE 
TS CANDIDATE MESSAGE 



1878 



ADD CANDIDATE 
NODETOTS 
MESSAGE 



FIG. 18A 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 19 of 38 



IS NODE A SLAVE NODE? 

1805 ^XN?" 
ISTHEREA 
CANDIDATE NODE IN THE 
PICONET? 

1815 



JES 


FORWARD TS MESSAGE TO 




NEXT NOD 


: IN ROUTE 






1865- 



-1810 



FORWARD TS CANDIDATE 
MESSAGE TO NEXT HOP IN 
MCS ROUTE 



SELECT BEST CANDIDATE NODE 



1820 



SELECT EARLIEST CANDIDATE NODE OR START 
NODE THAT BEST CANDIDATE NODE CAN REACH 



■1825 



1870- 



ISTHE 

EARLIEST REACHABLE NODE THE 
LAST NODE IN THE TS CANDIDATE 
MESSAGE? 

to 



1830 



YES 



1835 



APPEND BEST CANDIDATE 
NODE AT THE END OF THE 
TS CANDIDATE MESSAGE 



± 



IFASLAVE NODE WAS 
INCLUDED ASACANDIDATE 
NODEORASASECONDARY 
NODE, INFORM THE SLAVE 
NODE THAT IT WAS 
INCLUDED AS SUCH 



ITERATE TO NEXT NODE IN ROUTE FOLLOWING 
THE EARLIEST NODE OR STARTNODE 



COMPARE BEST CANDIDATE NODE WITH 

NEXT NODE IN ROUTE 
~~P 




INSERT CANDIDATE NODE IN PLACE OF NEXT NODE IN 
ROUTEAND ALLTHE NODES FOLLOWING CANDIDATE NODE 



1856 



YES 



WAS 

"CANDIDATE NODE INSERTED' 
INTO THE TS MESSAGE DIRECTLYAFTER 
THE EARLIEST NODE IT CAN 
.REACH? 

YES 
CAN" 

CANDIDATE NODE REACH 
END NODE? 

1857 ^Xjo" 
HAS 

INTERMEDIATE NODE FOUND" 
ANODE IN THE PICONET WHICH CAN REACH BOTH 
THE END NODE AND THE CANDIDATE 
NODE? 
1859 "Vno 
D 



STORE IN THE TS 
MESSAGE TOGETHER 
WITH THE CANDIDATE 
NODEAREFERENCETO 
THE EARLIEST NODE 
THE CANDIDATE NODE 
CAN REACH 



ADD CANDIDATE 
NODE TOTS 
MESSAGE 



1862 



SELECT FOUND NODE AS 
SECONDARYNODEAND 
INCLUDE THE SECONDARY 
NODE ALONG WITH THE 
CANDIDATE NODE IN THE 
TS CANDIDATE MESSAGE 



FIG. 18B 



appln. j ate: june 8, 2001 

Title: Efficient scatternet Forming 

inventor(s) : per johansson et al. 

Application Serial No: 09/876,087 Sheet 20 of 38 



ISNODEASLAVENODE? 

1805 ^Ujo" 
13 THERE A 
CANDIDATE NODE IN THE 
PICONET? 
1815 ^VYES 





FORWARD TS MESSAGE TO 




NEXT NOD 


E IN ROUTE 


S N0 




1865- 



-1810 



FORWARD TS CANDIDATE 
MESSAGE TO NEXT HOP IN 
MCS ROUTE 



SELECTBEST CANDIDATE NODE 



•1820 



SELECT EARLIEST CANDIDATE NODE OR START 
NODE THATBEST CANDIDATE NODE CAN REACH 



1825 



1870 



IS THE 

EARLIEST REACHABLE NODE THE' 
LAST NODE IN THE TS CANDIDATE 
MESSAGE? 

to 



1830 



YES 



1835 



APPEND BEST CANDIDATE 
NODE ATTHE END OF THE 



TS CANDIDA' 



COMPARE THE RATING VALUE OF THE 
CANDIDATE NODE WITH THE RATING 
VALUES OF THE NODES FOLLOWING THE 
EARLIEST NODE THAT THE CANDIDATE 
NODE CAN REACH 



E MESSAGE 



X 



IF A SLAVE NODE WAS 
INCLUDED ASACANDIDATE 
NODEORASASECONDARY 
NODE, INFORM THE SLAVE 
NODE THATIT WAS 
INCLUDED AS SUCH 




REPLACE IN THE TS MESSAGE ALL THE NODES 
FOLLOWING THE EARLIEST NODE THE CANDIDATE NODE 
CAN REACH WITH THE CANDIDATE NODE 



1878 



ADD CANDIDATE 
NODE TOTS 
MESSAGE 



YES 



CAN 

CANDIDATE NODE REACH 
END NODE? 

1857 XjSo' 
HAS 

INTERMEDIATE NODE FOUND^ 
ANODE IN THE PICONET WHICH CAN REACH BOTH 
THE END NODE AND THE CANDIDATE 
\ NODE? ^ 

1859 



1862 



SELECT FOUND NODE AS 
SECONDARY NODEAND 
INCLUDE THE SECONDARY 
NODE ALONG WITH THE 
CANDIDATE NODE IN THE 
TS CANDIDATE MESSAGE 



FIG. 18C 



Appln. Filing Date: June 8, 2001 

title: Efficient Scatternet Forming 

inventor(s) : per johansson et al. 

Application Serial No: 09/876,087 Sheet 21 of 38 






afi'ljn • filing date: june 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 22 of 38 




jtx ,.\ ,*AU i>'Aii! „ JNE 6, ZUVl 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 23 of 38 



ESTABLISH PRELIMINARY DIVISION OF 
MASTER-SLAVE ROLES AMONG CANDIDATE 
NODES IN CHAIN 



-2110 



USE PRELIMINARY ROLE DIVISION FOR 
END NODE TO CHOOSE MASTER 
OR SLAVE ROLE 



2120 



SEND CONFIRMATION AND PAGE 
SYNCHRONIZATION MESSAGE TO 
PRECEDING NODE IN CHAIN 



2130 



r 



2140 



WAIT FOR RESPONSE FROM 
CANDIDATE NODE 




2170 



CONTINUE TO 
EXCHANGE MESSAGES 
WITH CANDIDATE 
NODE UNTIL PAGE 
TIME CAN BE 
AGREED UPON 



CANDIDATE NODE ENTERS 
PAGING PHASE 



FIG. 21 



Appln. Filing date: June 8, 2001 

Title: Efficient Scatternet Forming 

inventor(s): per johansson et al. 

Application Serial No: 09/876,087 Sheet 24 of 38 



FORWARD 
CONFIRMATION 
AND PAGE 
SYNCHRONIZATION 
MESSAGES 

~7 
2210 



2215 



2220 




2225 

I 

SEND CONFIRMATION 
MESSAGE TO CANDIDATE 
OR END NODE FROM WHICH 
THE CONFIRMATION AND PAGE 
SYNCH MESSAGE WAS RECEIVED 



S 



CONTINUE TO EXCHANGE 
MESSAGES WITH NODE 

UNTIL PAGING TIME 
CAN BE AGREED UPON 



ENTER PAGING PHASE 



ASSUME EITHER MASTER OR 
SLAVE NODE ROLES IN 
RELATION TO PRECEDING 
NODE IN CHAIN 



2240 



S 



SEND CONFIRMATION AND 
PAGE SYNCH MESSAGE TO 
PRECEDING NODE IN CHAIN 



WAIT FOR RESPONSE 



2260 
2- 



CONTINUE TO EXCHANGE 
MESSAGES UNTIL 
A PAGE TIME CAN BE 
AGREED UPON 




CANDIDATE NODE ENTERS 
PAGING PHASE 



FIG. 22 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

application Serial no: 09/876,087 Sheet 25 of 38 



COMPARE PROPOSED PAGE TIME 
WITH OTHER SCHEDULING 
INFORMATION 




2320 



2330 





CONFIRM PROPOSED 


^-^PROPOSED PAGF TIMF^\YES , 


TIME FOR PAGING BY 


ACCEPTABLE? 




SENDING CONFIRMATION 






MESSAGE 




NO 








t 






PERFORM PAG 


E SCHEDULING 




-2340 




NEGOTIATION UNTIL ATIME CAN 


S 




BEAGRE 


ED UPON 








~* 








r 


-2350 




ENTER PAGING PHASE 


s 





FIG. 23 



appln. filing date: june 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 26 of 38 



ENTER PAGE 
AND/OR PAGE SCAN 
MODES ACCORDING 
TO AGREED PAGE 
SCHEDULING AND 

CONNECT TO 
PRECEDING AND/OR 
SUBSEQUENT NODE 
IN THE CHAIN 



r 



2405 



VERIFY TS IS 
COMPLETELYAND 
SUCCESSFULLY 
ESTABLISHED 



2410 




SEND DATA OVER 
TS ROUTE 



2435 



COMPARE 
TS_METRIC OF 
NEW CHAIN WITH 
MCS METRIC 



2440 




2445 



YES 


USE MCS 




ROUTE 




FOR USER 




DATAAND 




TEAR 




DOWNTS 



FIG. 24 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 27 of 38 




Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 28 of 38 




CO or) 



appln. Filing jate: jUne a, 2001 
Title: Efficient Scatternet Forming 

INVENTOR(S): PER JOHANSSON ET AL. 

Application Serial No: 09/876,087 Sheet 29 of 38 




2620 

/ 

USE EITHER EXISTING TS 
OR PAGE TO ESTABLISH TS 



SELECT TWO BEST CANDIDATE 
NODES OUT OF THE SLAVE NODES IN 
THE OWN PICONET 



2640 



PLACE BOTH CANDIDATE NODES' 
IDs AND RATING INTS 
CANDIDATE MESSAGE 



FORWARD TS CANDIDATE MESSAGE 
INCLUDING BD_ADDR OF START AND 
END NODES ALONG MCS ROUTE 



2650 



2660 



FIG. 26 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 30 of 38 



2703- 



2712- 



IS FIRST 
INTERMEDIATE NODE A SLAVE 
NODE? 

tjoeT 
ts candidate message 
nam candidate nodes from 
piconetofsource 

JODB 

lib 

IS THERE 
A SUITABLE CANDIDATE NODE 
JNPICONEJt 

r YES 



YES 











FORWARD TS CANDIDATE 


2706^" 


MESSAGE TO NEXT NODE 


IN ROUTE 


^^-2709 


4 


i 


.NO 







2715 



2718 



SELECT TWO BEST CANDIDATE 
NODES IN PICONET 



STORE ID RATING VALUES AND 
REFERENCES TOSTART NODE 
IN TS CANDIDATE MESSAGE 



1 



2728 




SELECT FOUNDNODE AS 
SECONDARY NODEAND 

INCLUDE THE SECONDARY 
NODE ALONG WITH THE 

CHOSEN CANDIDATE NODE 
IN THE TS MESSAGE 



FORWARD TS CANDIDATE 
MESSAGETONEXTHOP 

I 









2729 


CHOOSEANEXTONE 
OF THE CANDIDATE NODES 



IF SLAVE NODE IS INCLUDED AS 
ACANDIDATE NODE INFORM V.™ 
THENODEOFSUCH 



FIG. 27 A 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventory): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 31 of 38 



CAN 

'SELECTEDCANDIDATEXNQ. 
NODE REACH START 



NODE? 
TCS 

'THE CANDIDATE 
NODE ALREADY BEEN 



2742 



LOGICALLY LINKED TO THE START NODE 
IN APeOUS BRANCH 



JES 



EVALUATION 



2748 



NO 




c 



■2744 



COMPARE RATING 
1UE0FSELECTED 
CANDIDATE NODE 
WITH RATING VALUE 
OFTHECANDDATE 

NODE INTHE 
SELECTED BRANCH 
INTHETSiSSAGE 




2756 

eyes S 



ADD ID AND RATING VALUE OF 
CANDIDATE NODE AFTER PREVIOUS 
NODE IN THE BRANCH 



REPLACE ID AND RATING VALUE OF THE CANDIDATE NODE 
IN THE SELECTED BRANCH IN THE TS MESSAGE WITH THE !C 
AND RATING VALUE OF THE SELECTED CANDIDATE NODE 




2762 



SELECT FOUND NODE AS 
SECONDARY NODE AND INCLUDE 
THE SECONDARY NODE ALONG WITH 
THE SELECTED CANDIDATE NODE IN 
THE SELECTED BRANCH IN THE 
TS MESSAGE 

i 



^ 2734 
1^ 



CHOOSEANEXT 
ONE OF THE 
SELECTED 
CANDIDATE 

NODES TO HAVE 
ITS POSITION 
INTHETREE 
DETERMINED 




I 



CHOOSEAFIRST 
OF THE 
SELECTED 
CANDIDATE 
NODES TO HAVE 
ITS POSITION IN 
THE CANDIDATE 
TREE DETERMINED 



FORWARD TS CANDIDATE MESSAGE 
TO NEXT HOP IN MCS ROUTE 



SELECTANEXTBRANCH IN WHICH THE 
NODE'S POSITION IS TO BE DETERMINED 



IFATLEASTONE SLAVE NODE WAS 
INCLUDED IN THE TS MESSAGE ASA 

CANDIDATE NODE ORASA 
SECONDARYNODE, INFORM EACH 

INCLUDED NODE OF SUCH 



2738 



\ 



± 



SELECTAFIRST 
BRANCH FOR 
WH1CHTHE 
NODE'S 
POSITION IS TO 
BE DETERMINED 



r 



Till 




FIG. 27B 



Appln* Filing Date: „une6,ziui 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 32 of 38 



PERFORM STEPS 




2703-2772 




OFFIGS27A 




AND27B 






2810 



2830 




2820 





FORWARD 


YES 


MESSAGE 




TO NEXT HOP 




IN ROUTE 


NO 




L 



COMPARE RATING VALUE OF SELECTED NODES 
MIH THE NODES IN THE TS CANDIDATE MESSAGE 



2835 



2840- 



2845- 



2850- 



2855 



PERFORM STEPS 1825-1878 (EXCEPTSTEPS 1865 AND 
1870) OF FIGS 18A, 18B, OR 18C FOR EACH SELECTED 
CANDIDATE NODE FOR EACH BRANCH FOR WHICH THE 
NODE IS SELECTED AS A CANDIDATE NODE 



INCLUDE REFERENCE TO EACH PREVIOUS CANDIDATE 
NODE OR START NODE THAT CAN BE REACHED BY EACH 
SELECTED N0DET0GETHER WITH THE ID AND 
RATING VALUE OF EACH SELECTED NODE 



PRUNE ANY UNNECESSARY BRANCHES 



FORWARD TS CANDIDATE MESSAGE TO NEXT 
HOP ALONG ROUTETO END NODE 



INFORM ANY NODE WHICH WAS INCLUDED IN TS 
CANDIDATE MESSAGE OF THE INCLUSION 



FIG. 28 



Appln. Filing Date: June 8, 2UUi 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 33 of 38 

Appln. Filing Date: June 8, 2001 




LINK END NODE TO EARLIEST 
CANDIDATE NODE THAT END 
NODE CAN REACH IN EACH BRANCH 


2915 
S 




DELETE ALL CANDIDATE NODES 
FOLLOWING EARLIEST REACHED 
NODE FROM EACH BRANCH (IF ANY) 


2950 

s , 






SELECT BEST BRANCH IN THE TREE 
(i.e., THE BEST OFALL POSSIBLE 
PATHS THROUGH THE TREE) 


2955 
S < 




CALCULATE TS METRIC FORTS 
AND COMPARE WITH MCSJETRIC 





SELECT BESTSLAVE 

NODE(S)AND 
INCLUDE IN TREE IN 
ACCORDANCE WITH 
STEPS 2830-2845 
OF FIG 28 AND 
INFORM THE 
INCLUDED SLAVE 
N0DE(S)0FSUCH 



USE MCS ROUTE 
FOR DATA 



2934 

JL 
INITIATE 
NEW TREE 
BUILDING 





YES 


2970 




\ < 




INITIATE CONFIRMATION AND PAGE 


SYNCHRONIZATION PHASE 



FIG. 29 



Appln. Filing Date: Jlne 8, zuu* 
Title: efficient scatternet forming 

INVENTOR(S): PER JOHANSSON ETAL. 

APPLICATION SERIAL NO: 09/876,087 SHEET 34 of 38 



ESTABLISH PRELIMINARY DIVISION OF 
MASTER-SLAVE ROLES AMONG CANDIDATE 
NODES IN SELECTED BRANCH 



3005 



USE PRELIMINARY ROLE DIVISION FOR 
END NODE TO CHOOSE MASTER 
OR SLAVE ROLE 



3010 



SEND CONFIRMATION AND PAGE 
SYNCHRONIZATION MESSAGE TO 
PRECEDING NODE IN SELECTED BRANCH 



3015 



3020 



WAIT FOR RESPONSE FROM 
CANDIDATE NODE 




3035 
_Z_ 



CONTINUE TO 
EXCHANGE MESSAGES 
WITH CANDIDATE 
NODE UNTIL PAGE 
TIME CAN BE 
AGREED UPON 



CANDIDATE NODE ENTERS 
PAGING PHASE 



FIG. 30 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet forming 

lnventor(s): per johansson et al. 

Application Serial No: 09/876,087 Sheet 35 of 38 



ENTER PAGE AND/OR PAGE 
SCAN MODES ACCORDING TO 
AGREED PAGE SCHEDULING 
AND CONNECT TO PRECEDING 
AND/OR SUBSEQUENT NODE 
IN THE BRANCH 



3105 







VERIFY T 
COMPLE" 
SUCCESSFULLY 


HATTSIS 
ELY AND 
( ESTABLISHED 



3110 



SEND DATA OVER 
TS ROUTE 



3135 



COMPARE TS.METRIC 
OF NEW BRANCH WITH 
MCS METRIC 





USE MCS ROUTE 
FOR USER DATA 



FIG. 31 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 36 of 38 



RADIO RANGE 
FROM SN 

\ 

\ 

POTENTIAL TS NODE \ 
SELECTED IN STEP 1 



POTENTIAL TS NODE- 
RADIO RANGE SELECTED IN STEP 1 
FROM EN 





FIG. 32A 



POTENTIAL TS NODE B 
ACTING AS END NODE 

RADIO RANGE RADIO RANGE lN ST P 2 

POTENTIAL TS NODE A FROMB FROM A X FN 

ACTING AS START NODE 1 4 tN 
IN STEP 2 




POTENTIAL TS NODE / 
SELECTED IN STEP 2 



FIG. 32B 




FIG. 32C 



Appln. Filing Date: June 8, 2001 

Title: Efficient Scatternet Forming 

Inventor(s): Per Johansson et al. 

Application Serial No: 09/876,087 Sheet 37 of 38 









STARTAND END NODES EACH SENDS A 
REACHABILITY CHECK SCHEDULING 
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